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Four separate detergents were tested to determine their effectiveness in airfield rubber removal to restore friction. Each detergent is 
applied to the pavement surface in controlled 50' x 30' patches. There were three patches placed for each detergent with increasing 
levels of mechanical effort and agitation duration ranging from 2 to 4 hours. Upon completion of agitation, a water trailer and spray 
bar was employed to sufficiently rinse the airfield surface and neutralize the detergent agents.  Friction measurements were 
conducted prior to and after cleaning with a GripTester device towed at a constant velocity of 40 mph.
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1. EXECUTIVE SUMMARY 

This research effort was conducted at Duke Airfield in Crestview, Florida to evaluate rubber 
removal detergent methodologies and determine the combined effectiveness of each detergent to 
improve overall runway friction. Various detergents were used to dissolve and remove embedded 
rubber particles from within the micro- and macro-texture of airfield runways with respect to 
environmental impacts and airfield downtime. 
 
A series of experiments was performed and four separate detergents used at three different 
contact durations and varying agitation efforts along a portion of the runway with heaviest rubber 
deposits. Each detergent was applied to the surface area of 50 ft x 30 ft which bi-sected the 
runway centerline. One side of the centerline in each detergent area received twice the 
mechanical agitation effort as the other. Loosened rubber deposits were washed from the runway 
surface using a pressurized water delivery system to force all remaining debris to the runway 
edge. 
 
Pre- and post-friction measurements were obtained using a continuous friction measuring 
equipment (CFME) within all tested areas and later compared to determine overall effectiveness 
of the combined materials and methods. 
 
While it was concluded that Avion 50 detergent out-performed the other three detergents with 
regards to cleaning efficiency and final visual appearance after rinsing the test area, the average 
friction improvement after testing was inconclusive. The airfield had very little rubber build-up 
prior to cleaning and was categorized as very light to light over the entire test section. The 
impact of cleaning a runway surface with light build-up was negligible as related to friction loss 
or gain, therefore the only conclusive evidence found at the conclusion of testing was purely 
visual. 
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2. INTRODUCTION 

2.1. Background 

The runway is the lifeline to a successful airfield operation. A rigorous and timely maintenance 
program is imperative to the sustainment of safe and controlled aircraft activity which prevents 
inevitable deterioration caused by regular traffic.  
 
Over a specific time period, frequent air traffic can significantly degrade the friction 
functionality of a runway surface. The micro- and macro-texture of runways are drastically 
reduced with the accumulation of rubber which can be detrimental in wet conditions causing 
reduced friction [1]. It has been found that a single landing can transfer as much as 1.4 lbs of 
rubber from each aircraft tires into the micro- and macro-texture of a runway. Over time, the 
rubber build up saturates all surface void space and begins to eliminate available surface 
roughness, thus reducing the necessary friction coefficient for aircraft control upon takeoff and 
landing [2]. 
 
Friction coefficient values (μ) average 0.8–1.0 for new construction, post-usage values can fall to 
0.3–0.4 within weeks or months (depending on traffic frequency and type). Values in this range 
severely limit aircraft control at higher speeds during wet weather operations, thus presenting 
safety hazards for incoming and outgoing aircraft. Consequently, the need arose for investigation 
into viable methods of rubber removal from airfield surfaces. 
 
To reverse and maintain this build-up of rubber deposits, research has been conducted to identify 
efficient methods of removal using detergent agents for rubber dissolution combined with 
mechanical scrubbing to loosen the compacted particles and restore a proper frictional coefficient 
to the runway surface. The detergents soften the deposited rubber and turn it into a form that can 
be brushed or scraped off [3]. 
 
2.2. Objective 

The objective of this research was to develop an expedient method for removal of rubber 
deposits from airfield runways using a detergent based system which could be C-130 
transportable. Four separate detergents and two different scrubbing durations were compared to 
ultimately determine the most efficient and effective combination of materials and methods. A 
CFME was used to evaluate the friction differential between pre- and post-cleansing surface 
conditions. 
 
2.3. Report Organization 

This report details the recommended equipment, methods, and detergents used for periodic 
airfield rubber removal. Section 3 discusses the detergent application and rubber removal 
equipment needed in this research as well as detergent properties and potential environmental 
concerns. Section 4 displays the site preparation and layout in a detailed schematic. Section 5 
discusses the micro- and macro-friction coefficient test methods that were used for this research. 
Section 6 explains the test preparation and cleaning protocol with all the steps needed to ensure 
proper rubber removal. Section 7 examines the pre-cleaning measurements and the evaluation of 
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these results. Section 8 shows the proper technique of detergent application and rubber removal. 
The runway and layout data sheets are also provided in this section for each detergent used in 
this research. Section 9 examines the post-cleaning friction measurements and the evaluation. 
Section 10 includes the conclusion of this research with each detergent examined as well as a 
friction analysis 
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3. RUBBER REMOVAL EQUIPMENT AND MATERIALS 

To achieve sufficient rubber removal in the shortest time period possible, the procurement and 
use of proper equipment is required. Likewise, the detergent chosen to loosen and liquefy the 
rubber mass bears great significance to the final friction improvement of the airfield pavement 
surface. The following is an outline of the equipment and detergent used during this test regime. 
 
3.1. Mechanical Agitation and Scrubbing Equipment 

Each detergent test area was mechanically agitated and scrubbed for varying time periods as 
outlined in the original test plan. A diesel powered Toolcat® with a hydraulic kick broom 
attachment was used to forcefully remove the loosened and dissolved rubber material from the 
impacted voids. 
 
3.1.1. Hydraulically-Operated Toolcat® 
The Toolcat® (manufactured by Bobcat®) is chosen for testing because of its versatility and size. 
The Toolcat® and all necessary ancillary items can be loaded on one C-130 aircraft. The 
Toolcat® is easily maneuverable in and around confined areas and has a top speed of 18 mph. A 
front-mounted kick broom attachment (Figure 1) and rear-mounted spray system can operate 
simultaneously or independently, depending on the operational needs during the rubber removal 
process. It also offers an enclosed cab which shields the operator from detergent misting and 
foreign debris. 
 

 
Figure 1. Hydraulic Broom Attachment Agitating Detergents 

 
 
3.1.2. Broom Attachment 
The broom attachment (Figure 2) has a 4:1 combination of steel and poly bristles. Poly bristles 
are needed to increase the movement of water while the steel bristles provide the deep scrubbing 
action and remove the rubber material. This combination of steel and poly bristles has been used 
commercially to obtain optimal results with the detergent rubber removal operation. Early work 
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at the Air Force Research Laboratory (AFRL) demonstrated that this combination is more 
effective than using the broom attachment loaded with only steel or only poly bristles. 
 
The following list details the broom equipment and applicable dimensions: 

• Model: 84-inch Angle Broom (Bobcat®) 
• Hydraulic Drive: 15–28 gal/min hydraulic direct drive 
• Broom Angling Function: Hydraulic 
• Operating Weight: 944 lbs (428.2 kg)—standard 50 wafer bristle configuration; 1060 lbs 

(480.8 kg) - recommended 90 wafer bristle configuration 
• Bristle Diameter: 10.0 in (25.4 cm) inner diameter, 32.0 in (81.3 cm) outer diameter 
• Overall Dimension: 61.0 in (154.9 cm) long; 96.8 in (245.9 cm) wide 

 

 
Figure 2. Hydraulic Rotary Broom Attachment 

 
 
3.1.3. Detergent Spray Bar System 
The detergent application system has two main components: a pumping mechanism and a spray 
bar attachment. During the experiment, two different pumping mechanisms were used: a 
gasoline-powered pump and a hydraulically-driven system powered by the Toolcat® vehicle. The 
hydraulically-driven system malfunctioned and was replaced throughout testing by the gasoline-
powered pump. Each system delivered the chosen detergent from an on-board holding tank to a 
21-ft collapsible spray bar attachment as shown below in Figure 3. 
 
The spray bar consisted of 13 nozzles spaced evenly across with maximum operating pressures 
of 50 psi each. The flow rate exiting the nozzles remained consistent and applied coverage is 
determined by the forward speed of the Toolcat®. Because coverage requirements differed by 
detergent, the forward speed of the Toolcat® was adjusted to compensate. Detergent application 
will be discussed in greater detail later in this report. 
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Figure 3. Toolcat® Applying Detergents with 21-ft Spray Bar 

 
 
3.1.4. Water Rinse Down Trailer 
To effectively remove applied detergents and loosened rubber from the airfield surface after 
cleaning, large quantities of water were required. Water sources are typically located long 
distances from the runway and water transportation to the cleaning site can be timely and 
cumbersome without proper equipment. Since all equipment included in this kit must be C-130 
transportable, overall size is a constraint. To overcome the challenge of mass water delivery to 
the site, a transforming rinse-down trailer was developed to fit onto a 463L pallet for air 
transport. 
 
Once on site, the trailer is transformed into its operational state as shown in Figure 4. A 2,000 
gallon nylon bladder is placed into the expanded trailer bed which can be filled to capacity 
within minutes using a local fire hydrant. The bladder valve is connected to a series of flexible 
pipes that lead to a gasoline-power water pump attached directly to the trailer infrastructure. The 
outflow of the pump is piped to a rigid metal spray bar assembly mounted on the port trailer side. 
The spray bar assembly consists of 16 independent nozzles oriented at approximately 30 degrees 
forward from vertical to produce a “sweeping effect” wave motion which efficiently flushes 
loosened rubber and all remaining site debris from airfield surface. Each nozzle operates at 
approximately 35 psi with a nominal total flow rate of 250 gal/min across the bar. 
 
The rinse-down trailer system produces enough volume and pressure to sufficiently remove the 
loose rubber particles and dissolved slurry, while neutralizing the highly basic nature of the 
detergent compounds and eliminating environmental impacts. 
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Figure 4. Water Rinse Trailer—Travel Mode to Full Assembly 

 
 
3.1.5. Findley-Irvine GripTester 
The friction data is collected and compiled using a Findley-Irvine GripTester CFME device 
provided by the Air Force Civil Engineering Support Agency (AFCESA) as shown in Figure 5. 
The device can be towed behind any ½-ton (or larger) vehicle with adequate storage capacity for 
a metered water delivery system and equipped with a receiver hitch. The GripTester unit records 
real-time friction coefficients of the airfield pavement surface. 
 

 
Figure 5. Findley-Irvine GripTester Device 

 
 
This CFME device is a lightweight, three-wheeled trailer which weighs 183 lb (83 kg) and is 
operated using a single, smooth tread tire that is mechanically forced to slip at 14.5 percent of the 
relative trailer forward speed. The differential slip is controlled by a calibrated, chain-driven 
transmission directly linking the skid tire and the main wheel axle. 
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3.1.5.1. GripTester Operation 
The device is towed at a constant velocity of 40 mph (nominal speed) within the test area to 
determine both pre- and post- cleaning macro-texture coefficients. Data recording is started 
500 ft from the threshold end and terminated 500 ft from the opposite end to allow for adequate 
acceleration and deceleration distances [3]. Water is delivered to the device via a storage tank 
mounted within the tow vehicle at a constant flow rate which produces a 1-mm (0.04-in) thick 
film of water just before the American Society of Testing and Materials (ASTM) measuring tire 
to simulate wet weather operations. Water cannot completely be squeezed out between the 
runway and tire, resulting in partial contact between the two objects [4]. 
 
Sensors are fitted about the wheel axle which measures differential wheel rotation speed and 
provides continuous data to the on-board computer and instrumentation package. The acquired 
data is normally streamed to a connected laptop computer located within the tow vehicle. The 
software shows friction values as spot readings, averages between events, averages over each 
third of the runway, or as an average over the entire runway length. A graph showing friction 
readings versus distance travelled may also be obtained [4]. 
 
3.1.5.2. GripTester Calibration 
An integral part of friction measurement using the GripTester is a proper calibration prior to use. 
The unit used for this experiment was properly calibrated prior to use. 
 
3.1.5.3. Tire Pressure 
Ensuring correct pressure in all GripTester tires was vital to the success and accuracy of the 
surface friction measurements. Prior to use, all tires on the device were inspected and they were 
filled to the appropriate pressure of the 20 psi required by ASTM.  
 
3.1.5.4. Tire Condition and Expiration Date 
It is important to use a skid tire that is still within its service life and without signs of damage or 
uneven wearing. The measuring tire should be visually inspected for excessive wear and still 
within its expiration date. For this test series however, a brand new skid tire was installed onto 
the GripTester trailer prior to test commencement. 
 
3.1.5.5. Chain Tension 
The chain tension was checked and adjusted to manufacturer’s specifications before testing. This 
ensured that the proper slip ratio was maintained between the measuring tire and the drive tires. 
 
3.1.5.6. Sensor Gap 
The differential velocity between the ASTM measuring tire and the drive tires is measured by the 
GripTester device and used to derive available surface friction. To monitor and record the 
differential velocities, the trailer is equipped with a sensor between the rotating axle of the skid 
tire and a fixed point on the trailer. The gap between these two points is required to be 
maintained at 0.7-mm ± 0.1-mm prior to and during testing. This gap distance is critical in 
obtaining accurate test data. Prior to use during this test series, the sensor gap was verified and 
adjusted as required to within tolerance. 
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3.1.5.7. Electronic Data Collector Setup 
The GripTester device is equipped with an internal calibration and data transmission computer 
system. Immediately prior to use, the computer variables must be properly set and the calibration 
parameters defined. These system checks were performed on site moments before the test series 
began. 
 
3.1.5.8. Wet Weather Simulation 
During friction measurement operations, the GripTester device emits a controlled flow of water 
at a specified flow rate directly in front of the ASTM skid tire. This function of the device 
simulates wet weather conditions. The flow rate is calculated as a function of the tow vehicle 
forward velocity and the required water depth in front of the skid tire. The flow rate for this 
series of tests was adjusted to produce a water thickness of one millimeter. Prior to test 
commencement, the water delivery system is calibrated to ensure an accurate volume per unit 
time using a stopwatch and a five gallon bucket which had been pre-defined with a required fill 
line. The water volume used for test wetting is recorded for future use and compared to the 
theoretical volume for a given speed and distance travelled. 
 
3.2. Liquid Detergents 

The liquid detergents used during testing were selected based upon criteria including total water 
consumption, direct cost, corrosive properties, environmental impacts, and the requirement for 
post-cleaning water neutralization. Four different rubber removal detergents were comparatively 
evaluated and the final determination of effectiveness and efficiency was based upon field 
performance evaluations and differential friction measurements between pre- and post-analysis. 
Each detergent product was tested using three different contact times and two different 
mechanical effort durations. The MSDS documentation for each detergent tested can be located 
in Appendix A. 
 
3.2.1. Avion 50 
Avion 50 is a product of Chemtek Incorporated (Yanceyville, NC, USA) and is a highly 
corrosive liquid detergent. Personal protective equipment (PPE) should be worn when handling 
this product. It was the highest cost agent tested and had the highest pH level (13) of all 
specimens used. Avion 50 was the control group for comparative evaluation of all other agent 
performances. Regardless of its caustic nature, this detergent out-performed all others tested with 
regard to cleaning efficiency by volume and final visual appearance of the rinsed test area. 
 
3.2.2. DC-101 
DC-101 is a product of Saric Solutions (Fuquay-Varina, NC, USA) and was procured from 
CleanEDGE, LLP, located in Baltimore, Maryland, USA. This detergent has a pH of 8.0 which 
is considerably lower than the control detergent and yields coverage of 10,000–12,000 sq ft per 
55-gal drum, or 60,000 sq ft per 275-gal tote. It is non-toxic, water soluble, non-flammable, and 
environmentally safe. It is also fully biodegradable and has a shelf life of two years. 
 
3.2.3. Hurrisafe 
This detergent is manufactured by PCI of America (Rockville, MD, USA) and is the second most 
corrosive agent tested at a pH of 12.4. It was just slightly more expensive per unit gallon than the 
cheapest product tested. It has the best coverage area of all evaluated at 450 sq ft/gal. It required 
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less water per test area relative to the other detergents and it visually resulted in a very clean 
airfield pavement. 
 
3.2.4. JBS Citrus 
This detergent is produced by JBS Industries (Lebanon, OH, USA) and possesses a pH of 9.0. 
Relative to others tested, it performed poorly from a visual standpoint. Dark streaks on the 
airfield pavement surface were evident after the rinse procedure was complete. 
 
The following table outlines the manufacturers recommended usage guidelines and applicable 
characteristics for all test detergents: 
 

Table 1. Rubber Removal Detergent Information 

 
 
 

Table 2. Detergent Application Chart 

 
 
 
  

Avion50 00:30 - 03:00 - 03:00 30,000 550 $11.00 $6,050.00 13

DC-101 00:20 - 01:00 - 10:00 12,000 550 $9.00 $4,950.00 8

Hurrisafe 00:30 - 03:00 - 03:00 7,500 220 $9.00 $1,980.00 12.4

JBS Citrus 4-6 passes (light)        
8-10 passes (heavy)

Until Clean 340 $8.07 $2,744.73 9

            *For 100,000 square foot pavement surface

Detergent 
* Total 

Detergent 
Cost

Detergent 
Cost        

(per gal)

* Detergent 
Volume 

(gal)

* Water 
Requirement 

(gal)

* Reaction Time 
(soak-agitate-rinse) pH

Avion50 180 8.3 0.08 3.1
DC-101 180 8.3 0.08 3.1

Hurrisafe 450 3.3 0.03 7.8
JBS Citrus 290 5.2 0.05 5.1

            *For 100,000 square foot pavement surface

Flow Rate 
Required 
(gal/ft)

Application 
Speed (mph)

Detergent Coverage      
(sq. ft. / gal)

Patch Test 
Volume 

Required
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4. OVERALL SITE LAYOUT 

A series of rubber removal tests were conducted at Duke Airfield, auxiliary field to Eglin AFB 
during the dates of January 19–29, 2010. Duke Field is essentially a self-contained installation 
located in Valparaiso, FL. Test areas were restricted to the northern end of Runway 18 as shown 
in Figure 6. Due to active status of the test airfield, the site was delineated and marked 
accordingly upon arrival each night and then broken down prior to departure the following 
morning. The detergent test zone was established using orange cones with glow sticks attached at 
the corners of each of the three duration areas. These areas were separated by a distance of 50 
linear feet. The markers were placed using a calibrated wheel measuring device. 
 

 
Figure 6. Duke Airfield Test Site Overview 
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Friction data was collected prior to detergent application in order to obtain pre-cleaning 
coefficient values and develop a control basis for final analysis. Detergents were then applied 
and allowed to soak for a set period following manufacturer’s recommendations of time before 
mechanical scrubbing commenced to loosen the dissolved rubber and remaining particulates. The 
test protocol varied the scrubbing durations in order to determine potential benefits from longer 
sweeping/agitation cycles. Each detergent was then thoroughly rinsed using a pressurized water 
system to neutralize the agent and prevent possible environmental impacts. Post-cleaning friction 
measurements were obtained in the same method as the pre-cleaning routine. The data compiled 
was used in a comparative analysis to determine detergent effectiveness as related to type, 
concentration, contact time, and mechanical agitation duration. 
 
4.1. Test Site Layout 

The test site was divided into four distinct detergent zones; one for each detergent being tested. 
Within each zone there were three subzones (Figure 8) which represented different levels of 
mechanical scrubbing effort and detergent contact times of two, three, and four hours, 
respectively. Each subzone is bisected longitudinally by the existing airfield centerline striping. 
Test sections were segregated by 25 linear foot transition intervals between one another to 
provide adequate maneuverability during detergent application and to ensure ease of data 
analysis across the test spectrum. The site layout is shown below in Figure 7. 
 

 
Figure 7. Overall Site Layout by Detergent Type 
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4.2. Mechanical Effort Layout 

Twelve subzones (three per detergent type) of dimension 50-ft long × 30-ft wide were surveyed 
on the touchdown zone of Runway 18 in areas with no less than 75 percent coverage of rubber 
deposits. The bisected test areas spanned 15 ft to either side of runway centerline; one of the 
bisections received twice the mechanical scrubbing effort as the other. This allowed for 
additional comparison of frictional enhancement as directly related to agitation effort and overall 
duration. The subzones were clearly marked with cones or similar markers at all corners for 
visual reference. 
 

 
Figure 8. Typical Detergent Zone Layout by Agitation Duration 
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5. FRICTION EVALUATION METHODS 

5.1. CFME Data Collection Method 

A total of 12 passes with the CFME were performed on both sides of the runway centerline, for a 
total of 24 passes within the overall test site area for pre- and post-cleaning. This protocol was 
performed for both pre- and post-cleaning scenarios. The tow vehicle began just inside the 
bisected area nearest the centerline and worked outward for each pass. This represented the 
average friction along the width of the test area. This method then generated a total of 36 data 
points for each detergent zone, 12 points for each detergent duration and 6 points for each of the 
two mechanical agitation bisects (by detergent type). 
 
The GripTester was used in “drive mode”; a setting which collects friction measurements by 
passing over the entire test area distances a specific number of times at a specific velocity. All 
data compiled was plotted using this software function. 
 
In addition, ambient temperature, wind direction and velocity, and relative humidity 
measurements were recorded prior to testing for future reference. 
 
5.2. NASA Grease Smear Test 

Additional texture measurements were obtained from the airfield surface using the National 
Aeronautics and Space Administration (NASA) Grease Smear Method. This method determines 
the overall texture depth of the pavement surface by forcing a finite volume of grease into the 
macro-texture over a specified coverage area [3]. Grease smear tests were completed during both 
pre- and post-cleaning friction evaluations for comparison. Twelve smear tests were performed 
on each side of the runway within the test area at an offset distance of 7.5 ft from centerline. 
Testing began at a distance of 1,025 ft from primary and test locations were longitudinally 
spaced apart at distances of 75 ft. A total of 48 grease smear tests were performed overall. For 
purposes of direct comparison and determination of removal effectiveness, post- cleaning smear 
tests were placed in the exact location as the pre-cleaning routine. 
 
For visual reference, Figure 9 illustrates the application process. A specialized metal template 4-
in wide was placed onto the airfield surface in its pre-determined test location. A measured 
volume of 15 cm3 of grease was placed via syringe onto the pavement surface within the 
template boundaries. The grease is smoothed across the pavement surface using a proprietary 
blade and nominal hand pressure to a uniform depth until all available grease has been depleted 
into the underlying texture voids. The smear length is then measured to the nearest quarter inch 
and recorded for future reference. The measured length of the smear is directly proportional to 
the overall texture depth within the template area; a greater texture depth yields a shorter smear 
length. Pre-cleaning smear test data is finally compared to post-cleaning data from the exact 
same location within the test area to obtain a percentage difference for analysis. 
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Figure 9. Grease Application within Template 
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6. TEST PREPARATION AND CLEANING PROTOCOL 

6.1. Environmental Data Collection 

The following data are necessary to perform a comprehensive analysis of detergents: 
• temperature/dew point 
• wind speed 
• pre-test friction 
• water volume used for pavement wetting 
• detergent volume applied 
• agitation cycle times 
• quantity of rinse water used 
• quantity of rinse water lost 
• post-test friction 

 
Compiled field notes and recorded data for each detergent trail were logged onto Runway Layout 
and Information sheets. The information from each sheet has been summarized and provided in 
Section 8.4; actual field notes are located in Appendix B. 
 
6.1.1. Local Weather 
Prior to beginning test procedures each day, the local weather was obtained from Duke Field 
Base Operations Weather Team. Whereas the detergents are subject to evaporation loss at higher 
ambient temperatures and drier conditions, these factors were not an issue during this test series 
because the majority of cleaning efforts were performed after dark from the hours of 2300 to 
0600. Ambient temperatures recorded were between 40 °F and 60 °F throughout the entire 
removal period and all detergents were sufficiently rinsed prior to the daylight hours. Current 
weather data is vital to detergent performance analysis and the development of a weather 
relationship to full scale removal success. 
 
6.1.2. Wind Speed/Direction 
The wind speed and direction were recorded prior to testing each day. These values were 
obtained from Duke Field Base Operations Weather Team; specific to the KPAM location. The 
wind speed is important because it affects moisture levels on the pavement surface. 
 
6.2. Slope Measurements 

Runway slopes were measured prior to friction analysis and rubber removal. These 
measurements were taken to indentify ponding issues that could adversely affect friction. Two 
different slope measurements were recorded at each location; longitudinal and transverse. The 
longitudinal slope was measured along the runway centerline and the transverse slope was 
measured perpendicular to the centerline [5]. Figure 10 and Figure 11 show the slope 
measurement being measured in the field. The slope measurement field notes are located in 
Appendix A. 
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Figure 10. Slope Measurement 

 
 

 
Figure 11. Slope Measurement Reading 
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6.3. Periodic Pavement Wetting 

This particular test series was performed exclusively at night in windy and cold conditions. 
Despite the cooler conditions, the combination of humidity and moderate cross winds were 
causing rapid drying of the airfield surface. The sprayed water aided in maintaining surface 
moisture and allowed for proper foaming action during agitation. This is normally performed to 
maintain the reactive nature of the detergents and impede evaporation. The volume of water 
applied is minimal relative to the volume of detergent used, so dilution of the detergent base is of 
no concern. 
 
Water from an available fire hydrant near the test area was utilized to fill the storage tank aboard 
the Toolcat® and was then transported back to the test site area. The pavement surface was then 
dampened as needed after initial detergent application. 
 
6.4. Agitation Plan 

One of the test plan conditions was to determine the effectiveness of increased broom agitation 
efforts by dividing the test areas in two by using airstrip centerline; one side received twice the 
mechanical effort as the other. As it was laid out, the side right of the centerline (as bearing 360°) 
received greater effort. This helped determine if the extra labor cost and time significance of 
additional agitation efforts were warranted relative to each individual detergent type. 
 
The mechanical agitation began on the outermost sides of the test section and traversed inward 
toward the centerline in 3 ½ foot intervals as it moved across each 15 foot side and down the 50 
foot section length. The broom was angled such that the slurry was pushed toward the centerline. 
Once centerline was reached, the Toolcat® followed the same path back, changing the broom 
angle to push outward and moved the slurry toward the edge of the runway. This back and forth 
cycle across the width was duplicated for each set time interval. A 15 minute time window was 
then allowed for further soaking and penetration of the detergent. The amount of time required 
for each agitation series and subsequent soak time was recorded for future analysis. 
 
6.4.1. Rinsing Procedure 
After completing the agitation cycle, the runway was fully rinsed using the transforming water 
trailer with spray bar and pump system. Rinsing began at the centerline of each cleaning zone 
and proceeded outward until all slurry and rubber debris had been cleared from the runway 
surface and onto the adjacent grassed area. The volume of water used for the rinse cycle was 
fully sufficient for complete detergent neutralization prior to entering the surrounding 
environment. Approximate water volume used and time required for the rinse cycle for each 
zone was noted. 
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7. PRE-CLEANING MEASUREMENT AND EVALUATION 

A friction analysis was performed prior to detergent application to determine the level of existing 
rubber build-up and the effective friction as a result. Testing was conducted at speeds of 40 mph 
at a bearing of 180° (and 360°) along the longitudinal runway axis. Runs were random within the 
marked test areas, traversing the entire 30-ft wide test width. Testing encompassed a series of 12 
runs in order to develop an accurate nominal average; six runs down (bearing 180°) and six runs 
back (bearing 360°). The GripTester device provided real time friction measurements every two 
feet along the 875-ft test parameter.  
 
It must be noted that the airfield surface did not possess a significant amount of existing rubber 
build-up. The airfield has been recently re-surfaced and sufficient time had not yet passed to 
produce a level of rubber which neared the threshold of required cleaning. 
 
The airfield as it existed prior to cleaning is shown in several photographs below. Figure 12 
represents a view from the northern edge of the testing area facing south (18–36) and Figure 13 
represents a view from the southern edge of the testing area, facing north (36–18). 
 

 
Figure 12. Existing Test Site Rubber (18–36) 

 
 

 
Figure 13. Existing Test Site Rubber (36–18) 
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7.1. GripTester Device (CFME) Results 

The following tables outline average friction data measurements for each pre-cleaning run 
(40 mph) relative to individual detergent test areas and agitation zone: 
 

Table 3. Pre-Cleaning Average Mu Values (CFME) 

 
 
 
The average Mu values for the 2x agitation zone are higher than the average Mu values for 1x 
agitation zone. This is an indicator that the right hand side of the runway (as bearing 360°) had 
less rubber then the left side. The average Mu value for the right had side is approximately 0.53 
while the left had side average Mu value is approximately 0.47. Table 4  represents the friction 
level classification for runway surfaces using a CFME system.  
 

Table 4. Friction Level Classification for Runway  
Pavement Surfaces Using CFME with Self-Wetting System [6] 

 
 
 
The pre-cleaning Mu values represent a small amount of rubber existing on the runway. Once the 
Mu values reach a certain level of friction, an action needs to be taken to remove the rubber and 
improve friction. This value of this testing is 0.43. There are only two out of the twenty four 
average Mu values than fall beneath this value that require an action to be taken. The planning 
level value where preparation needs to start to determine when rubber needs to be removed is 
0.53 and fourteen of the averages fall within this zone of planning leaving eight that fall above 
the planning stage. 
 

1 2 3 4 5 6 Average 
Mu (µ)

7 8 9 10 11 12 Average 
Mu (µ)

2 Hr 0.46 0.64 0.59 0.54 0.47 0.50 0.53 0.48 0.37 0.52 0.34 0.47 0.32 0.42

3 Hr 0.38 0.54 0.43 0.50 0.45 0.51 0.47 0.50 0.38 0.49 0.33 0.49 0.41 0.43

4 Hr 0.62 0.61 0.48 0.51 0.66 0.46 0.55 0.67 0.40 0.55 0.49 0.58 0.40 0.51

2 Hr 0.65 0.63 0.56 0.55 0.61 0.45 0.57 0.58 0.47 0.54 0.38 0.56 0.45 0.49

3 Hr 0.52 0.59 0.47 0.48 0.48 0.36 0.48 0.53 0.41 0.53 0.44 0.49 0.45 0.48

4 Hr 0.55 0.58 0.58 0.64 0.57 0.58 0.58 0.56 0.54 0.60 0.47 0.51 0.49 0.53

2 Hr 0.58 0.58 0.58 0.64 0.57 0.58 0.59 0.56 0.54 0.60 0.47 0.57 0.49 0.54

3 Hr 0.43 0.52 0.42 0.63 0.49 0.53 0.50 0.48 0.45 0.42 0.38 0.45 0.45 0.44

4 Hr 0.42 0.64 0.50 0.65 0.51 0.56 0.55 0.58 0.41 0.44 0.39 0.39 0.44 0.44

2 Hr 0.53 0.57 0.45 0.62 0.45 0.63 0.54 0.46 0.60 0.37 0.59 0.35 0.61 0.50

3 Hr 0.51 0.62 0.46 0.65 0.54 0.68 0.57 0.47 0.50 0.50 0.43 0.48 0.51 0.48

4 Hr 0.55 0.58 0.38 0.39 0.41 0.51 0.47 0.44 0.44 0.38 0.37 0.33 0.33 0.38
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Figure 14. Pre-Cleaning Micro-Texture Data Graph (GT View Data) 

 
 
7.2. NASA Grease Smear Test Results 

For ease of viewing, the collective information obtained during the pre-cleaning Grease Smear 
Test is presented in Section 9.2 alongside the data obtained from the post-cleaning test. The 
existing values were directly compared to the post-cleaning test data in order to determine the 
difference in available friction levels and the overall effectiveness yielded by each detergent 
agent. 
 
Texture depth is used to classify hydroplaning potential for aircraft on runway. Hydroplaning 
occurs when contact between a tire and the surface is lost due to water pressure build up in the 
tire-ground contact area [7]. The classification levels are shown in Table 5 along with the 
classification criteria of texture depth.  
 

Table 5. Texture Depth Level Classification for using NASA Grease Smear Testing [3] 

 
 
 
The pre-cleaning texture depths on both sides of the centerline are classified as needing further 
testing excluding one which has a strong potential for hydroplaning as seen inTable 6. Removing 
the existing rubber on the runway would increase texture depth and potentially lessen the risk of 
hydroplaning.  
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Table 6. Pre-Cleaning Texture Depth 

 
 
 
7.3. Slope Measurements 

The transverse and longitudinal slope was found for each side of the runway (with bearing at 
180°) as shown in Figure 15. Table 7 shows the slopes measured with all having a (+) positive 
slope with the longitudinal measurements being almost completely horizontal. 
 

 
Figure 15. Runway Cross-Section for Slope Measurements 

 
 

Table 7. Slope Measurement Data 

 

1025 15 632.26 0.024 2 529.03 0.028 2
1100 15 851.61 0.018 2 670.97 0.022 2
1175 15 516.13 0.029 2 593.55 0.025 2
1250 15 490.32 0.031 2 890.32 0.017 2
1325 15 670.97 0.022 2 490.32 0.031 2
1400 15 929.03 0.016 1 851.61 0.018 2
1475 15 748.39 0.020 2 451.61 0.033 2
1550 15 567.74 0.026 2 774.19 0.019 2
1625 15 677.42 0.022 2 580.64 0.026 2
1700 15 754.84 0.020 2 658.06 0.023 2
1775 15 561.29 0.027 2 774.19 0.019 2
1850 15 554.84 0.027 2 464.52 0.032 2

* bearing at 180 degrees
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8. DETERGENT APPLICATION AND RUBBER REMOVAL 

8.1. Toolcat® Preparation 

The Toolcat® was prepared for the rubber removal process at least a day ahead of the start time 
to make sure all is working properly. All attachments were checked for proper operation and the 
spray bar nozzles were inspected to ensure flow accuracy and proper detergent application onto 
the surface. The spray bar was folded and secured prior to travel. 
 
8.1.1. Magnetic Bar Placement for Foreign Object Debris ( FOD) 
A magnetic bar was mounted via wired rope cables at the rear of the vehicle and oriented such 
that the magnet hung approximately one half inch above the airfield surface. Its purpose was to 
remove metallic FOD and broken wire broom bristles from the airfield during agitation. The 
magnetic bar is shown in Figure 16. 
 

 
Figure 16. Magnetic Bar Orientation on Toolcat® 

 
 
8.2. Rinse Trailer Preparation 

The rinse trailer required initial transformation from its folded state into a fully functional water 
delivery system. The liner was installed and the bladder was carefully placed into the liner. 
Caution was used to avoid bladder damage during setup. Due to the relative location of the 
hydrant to the airfield test site, an initial filling of the bladder in advance was necessary to 
prevent time loss later. The filled trailer was towed to the site vicinity and remained there until 
the agitation process was complete and the rinsing procedure was ready to commence. 
 
The trailer bladder has a capacity of 2,000 gallons and was filled via a fire hose attached directly 
to the available fire hydrant. The approximate time for filling was 15–20 minutes; this time did 
not include travel to and from the hydrant location after each depletion. 
 
8.2.1. Water Pump and Spray Bar Adjustment 
The trailer was equipped with a water pump and spray bar configuration as seen in Figure 17. 
The pump is modified with a remote starting device which allowed the truck operator to start and 
stop the water flow as needed from the truck cab. The pump is checked for fuel and the spray bar 
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is checked for proper alignment and nozzle angle. The nozzles were set such that the water 
energy leaving the spray bar would hit the pavement surface at a 30° angle and produce a 
sweeping motion to literally push the detergent and lifted rubber debris along the airfield surface 
and out toward the pavement edge. 
 

 
Figure 17. Water Trailer Pump and Spray Bar Configuration 

 
 
8.3. Detergent Application Process 

The spray bar attached to Toolcat® rear was lowered and locked into position. All control valves 
were opened to allow for proper detergent flow. The detergent application was initiated by the 
operator as the spray bar moved directly over the area to be cleaned. The detergent flow rate was 
constant, so the travel speed directly determined the volume dispensed over the applicable test 
area. Each detergent had a different application requirement, so special care was taken to ensure 
proper Toolcat® speed as required by the detergent manufactures guidelines. 
 
To achieve uniform detergent dispersion, the Toolcat® is positioned such that the spray bar end 
travelled along the 50-ft edge from end to end as shown in Figure 18. This created a 21-ft wide 
swath width of detergent to the 30-ft wide test surface. The second pass is performed identically 
in the opposite direction and along the opposite long edge to ensure complete test area coverage. 
This method resulted in a 12-ft overlap, due to the test layout, of detergents in the test center, 
which is of little concern, as proper scrubbing patterns physically displace the detergent and 
spread it evenly throughout the assigned cleaning area. 
 

 
Figure 18. Toolcat® Applying Detergents to Dampened Test Area 
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8.4. Detergent Application Detail 

8.4.1. JBS Citrus Application 
The detergent JBS Citrus was the first of four detergents to be applied to the airfield runway 
testing site. It was applied at 0045 hours and allowed to sit undisturbed for 25 minutes prior to 
water dampening and mechanical agitation. The volume of water used for dampening was 
minimal and only applied to hasten the foaming action produced during agitation. This is not a 
standard process, but rather implemented as needed to counteract the drying action of the wind 
and cold weather environment. Any added water was allowed to sit for ten minutes before the 
agitation process began. JBS Citrus application details and relevant weather conditions during 
that timeframe are located in Table 8. 
 

Table 8. JBS Citrus Application Information 

 
 
 
8.4.2. DC 101 Application 
The detergent DC 101 was the second detergent agent to be applied. It was applied the night  
following the JBS Citrus application at 0030 hours. The details of the application and relevant 
weather conditions are shown in Table 9. 

Site Information
Base: Duke Airfield, Crestview, Florida
Date:
Runway: 18/36
Primary End: 18

Test Section Data
Chemical Used: JBS Citrus Section 1: 1000' - 1050'
Application Rate: 5.2 gal/sec Section 2: 1075' - 1125'
Test Section Dimension: 30' x 50' (1500 sq. ft.) Section 3: 1050' - 1200'

Weather Conditions
Ambient Temp.: 60°F
Humidity: 100%
Conditions: Cloudy/Fog
Wind: WSW 8 mph
Pavement Temp.: 62°F

Cleaning Schedule
Chemical Applied: 0:45 hrs
1st Water Application: 1:10 hrs
Agitation Start: 1:20 hrs
Section 1 Rinse: 2:45 hrs
Section 2 Rinse: 3:45 hrs
Section 3 Rinse: 4:45 hrs
Final Runway Rinse: 6:20 hrs

RUNWAY & LAYOUT  DATA SHEET

Friday, January 22, 2010
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Table 9. DC 101 Application Information 

 
 
 
8.4.3. Avion 50 Application 
The detergent Avion 50 is the third detergent to be applied. It was applied the day following the 
DC 101 application at 0830 hours. The details of the application and relevant weather conditions 
are shown in Table 10. 
  

Site Information
Base: Duke Airfield, Crestview, Florida
Date:
Runway: 18/36
Primary End: 18

Test Section Data
Chemical Used: DC 101 Section 1: 1225' - 1275'
Application Rate: 8.33 gal/sec Section 2: 1300' - 1350'
Test Section Dimension: 30' x 50' (1500 sq. ft.) Section 3: 1375' - 1425'

Weather Conditions
Ambient Temp.: 44°F
Humidity: 96%
Conditions: Clear
Wind: Calm
Pavement Temp.: 56°F

Cleaning Schedule
Chemical Applied: 0:30 hrs
Agitation Start: 1:00 hrs
Section 1 Rinse: 2:30 hrs
Section 2 Rinse: 3:30 hrs
Section 3 Rinse: 4:30 hrs
Final Runway Soak: 6:20 hrs

RUNWAY & LAYOUT  DATA SHEET

Saturday, January 23, 2010
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Table 10. Avion 50 Application Information 

 
 
 
8.4.4. Hurrisafe Application 
The detergent Hurrisafe is the last of the four detergents to be applied during this test regime. It 
was applied the night following Avion 50 application starting at 0030 hours. The details of the 
application and relevant weather conditions are shown in Table 11. 
  

Site Information
Base: Duke Airfield, Crestview, Florida
Date:
Runway: 18/36
Primary End: 18

Test Section Data
Chemical Used: Avion 50 Section 1: 1450' - 1500'
Application Rate: 8.33 gal/sec Section 2: 1525' - 1575'
Test Section Dimension: 30' x 50' (1500 sq. ft.) Section 3: 1600' - 1650'

Weather Conditions
Ambient Temp.: 50°F
Humidity: 98%
Conditions: Cloudy
Wind: E 9 mph
Pavement Temp.: 58°F (start); 81°F (finish)

Cleaning Schedule
Chemical Applied: 8:30 hrs
Agitation Start: 8:53 hrs
Section 1 Rinse: 10:30 hrs
Section 2 Rinse: 11:30 hrs
Section 3 Rinse: 12:30 hrs
Final Runway Rinse: 14:10 hrs

RUNWAY & LAYOUT  DATA SHEET

Saturday, January 23, 2010
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Table 11. Hurrisafe Application Information 

 
 
 
8.5. Detergent Rinsing 

The entire test area was thoroughly rinsed to remove the loosened rubber material immediately 
following the agitation effort; Figure 19 illustrates this process. The rinsing process also 
neutralized the detergent agents. The amount of water needed for this task was detergent 
dependent. Re-filling of the water trailer was required multiple times over the course of rinsing 
each test section. 
 
The rinse procedure began at the centerline (or crown) of the airfield and worked outward in a 
growing pattern until all detergent and excess water had been pushed from the runway and onto 
the adjacent grassed area. The Toolcat® with broom attachment followed the rinse trailer to 
ensure removal of any foreign debris and standing water as shown in Figure 20. 
 

Site Information
Base: Duke Airfield, Crestview, Florida
Date:
Runway: 18/36
Primary End: 18

Test Section Data
Chemical Used: Hurrisafe Section 1: 1675' - 1725'
Application Rate: 3.33 gal/sec Section 2: 1750' - 1800'
Test Section Dimension: 30' x 50' (1500 sq. ft.) Section 3: 1825' - 1875'

Weather Conditions
Ambient Temp.: 54°F
Humidity: 100%
Conditions: Partly Cloudy
Wind: SW 3 mph
Pavement Temp.: 60°F

Cleaning Schedule
Chemical Applied: 0:30 hrs
Agitation Start: 1:00 hrs
Section 1 Rinse: 2:30 hrs
Section 2 Rinse: 3:30 hrs
Section 3 Rinse: 4:30 hrs
Final Runway Soak: 5:30 hrs

RUNWAY & LAYOUT  DATA SHEET

Monday, January 25, 2010
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Figure 19. Detergent Rinsing Technique 

 
 

 
Figure 20. Toolcat® Applying Detergents to Dampened Test Area 

 
 
To sufficiently neutralize each detergent used, the manufacturer has calculated the volume of 
water required to reduce the strong pH values to safe levels. Table 12 identifies the water to 
detergent ratios required for each agent used. 
 

Table 12. Water Requirement for Proper Cleaning of Detergent 

 
 
 
  

Avion 50 30,000 550 54.5:1
DC-101 12,000 550 21.8:1

Hurrisafe 7,500 220 34.1:1
JBS Citrus Until Clean 340 Visual Inspection

Water : 
Detergent           
Ratio (gal)

          * For 100,000 square foot pavement surface

* Water 
Requirement 

(gal)
Detergent

* Detergent 
Volume 

(gal)
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9. POST-CLEANING FRICTION EVALUATION 

Upon completion of the mechanical agitation and rinsing effort, a post-cleaning friction 
evaluation was performed with the GripTester device. Data was collected using the same 
methodolgy as the pre-cleaning evaluation to allow for direct friction coefficient comparison. 
Average texture depth measurements were also obtained using the NASA grease smear test. 
 
9.1. Post-Test Friction Data 

Post-cleaning friction analysis was conducted at speeds of 40 mph  using the GripTester device 
at a bearing of (130° relative to true north, runs 1-6); the other half were obtained at that bearing 
angle, plus 180° (310° relative to true north, runs 7-12). Runs were random within the marked 
test areas, traversing the entire 30-ft wide test width. The GripTester device provided real time 
friction measurements every two feet along the 875-ft test parameter.  
 
From the recorded data, standard deviation and mean values were determined and a normal 
distribution curve is plotted for graphical representation. This was important to demonstrate if 
there is statistically a significant difference in the surface friction after detergent treatment and to 
compare the performance of each detergent. The average Mu value results from the GripTester 
are shown in Table 13 and a plot of these averages is shown in Figure 21. 
 

Table 13. Post-Cleaning Average Mu Values (CFME) 

 
 
 

1 2 3 4 5 6 Average 
Mu (µ)

7 8 9 10 11 12 Average 
Mu (µ)

2 Hr 0.83 0.69 0.69 0.46 0.57 0.58 0.64 0.54 0.49 0.43 0.30 0.36 0.46 0.43

3 Hr 0.66 0.41 0.42 0.30 0.31 0.34 0.41 0.36 0.35 0.28 0.53 0.30 0.32 0.36

4 Hr 0.64 0.55 0.70 0.35 0.62 0.38 0.54 0.56 0.46 0.53 0.44 0.49 0.41 0.48

2 Hr 0.62 0.38 0.70 0.40 0.51 0.23 0.47 0.59 0.38 0.49 0.39 0.51 0.35 0.45

3 Hr 0.55 0.40 0.54 0.49 0.39 0.29 0.44 0.55 0.30 0.47 0.21 0.45 0.32 0.38

4 Hr 0.62 0.36 0.61 0.31 0.47 0.50 0.48 0.59 0.32 0.42 0.30 0.37 0.46 0.41

2 Hr 0.65 0.69 0.66 0.65 0.51 0.67 0.64 0.61 0.48 0.53 0.44 0.47 0.40 0.49

3 Hr 0.47 0.66 0.58 0.60 0.43 0.55 0.55 0.47 0.41 0.32 0.53 0.27 0.39 0.40

4 Hr 0.44 0.65 0.40 0.55 0.46 0.51 0.50 0.41 0.53 0.27 0.45 0.27 0.50 0.40

2 Hr 0.57 0.60 0.52 0.52 0.55 0.42 0.53 0.36 0.64 0.52 0.57 0.42 0.62 0.52

3 Hr 0.56 0.65 0.54 0.62 0.56 0.51 0.57 0.39 0.47 0.42 0.50 0.37 0.52 0.45

4 Hr 0.52 0.60 0.59 0.57 0.38 0.49 0.53 0.41 0.30 0.38 0.31 0.30 0.34 0.34

1x Mechanical Agitation Zone 2x Mechanical Agitation Zone
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Figure 21. Post-Cleaning Friction Coefficient Data Graph 

 
 
9.2. Post-Cleaning NASA Grease Smear Test 

As with the pre-cleaning evaluation, a second series of NASA Grease Smear Tests were 
performed to determine the efficiency level of the detergents used and the mechanical effort 
provided. The post-removal analysis was conducted in the exact manner as the prior series and a 
direct comparison was made between the two sets of resulting data. Table 14 summarizes and 
compares the data collected in both pre- and post-series evaluations. 
 
It can be seen from this comparative data that the measured length required to completely 
exhaust the standard volume of grease and embed it into the airfield macro- texture is much less 
in the post-analysis testing than in the pre-cleaning routine. All test areas revealed a significant 
gain in available texture depth after removal of existing rubber. It can be theorized that since the 
runway was recently resurfaced, some of the fines and binder material were removed from the 
surface during agitation exposing more of the larger aggregate and creating additional surface 
voids. 
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Table 14. Pre/Post-Grease Smear Test Comparison 

 
  

Site Information
Base:
Date:

Runway:
Primary End:

Texture Measurements - Right of Centerline
Pre Cleansing Post Cleasing

FT From 
Primary

FT From 
CTR Line

Pavement 
Type

Surface Rubber 
at Test

4" Wide Test 
Strip Length (in)

4" Wide Test 
Strip Length (in)

% Change

1025 7.5' R AC Light 24.50 23.50 4.08%
1100 7.5' R AC Light 33.00 13.50 59.09%
1175 7.5' R AC Light 20.00 15.50 22.50%
1250 7.5' R AC Light 19.00 15.50 18.42%
1325 7.5' R AC Light 26.00 23.00 11.54%
1400 7.5' R AC Light 36.00 20.50 43.06%
1475 7.5' R AC Light 29.00 16.50 43.10%
1550 7.5' R AC Light 22.00 15.50 29.55%
1625 7.5' R AC Light 26.25 17.50 33.33%
1700 7.5' R AC Light 29.25 14.25 51.28%
1775 7.5' R AC Light 21.75 17.00 21.84%
1850 7.5' R AC Light 21.50 18.25 15.12%

Texture Measurements - Left of Centerline
Pre Cleansing Post Cleasing

FT From 
Primary

FT From 
CTR Line

Pavement 
Type

Surface Rubber 
at Test

4" Wide Test 
Strip Length (in)

4" Wide Test 
Strip Length (in)

% Change

1025 7.5' L AC Light 20.50 16.00 21.95%
1100 7.5' L AC Light 26.00 15.00 42.31%
1175 7.5' L AC Light 23.00 14.50 36.96%
1250 7.5' L AC Light 34.50 15.50 55.07%
1325 7.5' L AC Light 19.00 16.00 15.79%
1400 7.5' L AC Light 33.00 22.00 33.33%
1475 7.5' L AC Light 17.50 16.00 8.57%
1550 7.5' L AC Light 30.00 16.00 46.67%
1625 7.5' L AC Light 22.50 18.25 18.89%
1700 7.5' L AC Light 25.50 18.50 27.45%
1775 7.5' L AC Light 30.00 15.25 49.17%
1850 7.5' L AC Light 18.00 15.00 16.67%

Location

Location

Duke Airfield, Crestview, Florida
1/19/2010 (Pre); 1/26/10 (Post)
18/36
18
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Table 15 outlines the post-cleaning Grease Smear Test results. The data suggests that cleaning 
increased overall the texture depths in general. The chart shown in Table 16 represents the 
hydroplaning potential for specific texture depth ranges. Comparison to pre-cleaning numbers 
reveals that texture depth at all tested location increased after cleaning. 
 

Table 15. Post-Cleaning Texture Depth 

 
 
 

Table 16. Hydroplaning Potential Chart for use with NASA Grease Smear Testing [3] 

 
 
9.3. Visual Analysis 

Visual inspection of each detergent area is conducted once rinsing is complete and photographs 
are taken. There was minimal rubber on the runway pre-cleaning; therefore the post-cleaning 
visuals do not show a significant difference of the amount of rubber on the runway. There is a 
slight variance from the two different mechanical agitation zones with the amount of rubber 
removed. The 2x mechanical agitation zones show less rubber left on the runway post-cleaning 
then the 1x mechanical agitation zones. Based on visual inspection the best result came from the 
Avion 50 detergent followed by the JBS Citrus, Hurrisafe, and DC 101 detergents. Figure 22–
Figure 29 show the post-cleaning condition of each applicable test area by detergent used and 
orientation relative to the runway bearing. 

1025 15 606.45 0.025 2 412.90 0.036 3
1100 15 348.39 0.043 3 387.10 0.039 3
1175 15 400.00 0.038 3 374.19 0.040 3
1250 15 400.00 0.038 3 400.00 0.038 3
1325 15 593.55 0.025 2 412.90 0.036 3
1400 15 529.03 0.028 2 567.74 0.026 2
1475 15 425.81 0.035 2 412.90 0.036 3
1550 15 400.00 0.038 3 412.90 0.036 3
1625 15 451.61 0.033 2 470.97 0.032 2
1700 15 367.74 0.041 3 477.42 0.031 2
1775 15 438.71 0.034 2 393.55 0.038 3
1850 15 470.97 0.032 2 387.10 0.039 3

* bearing at 180 degrees

Texture 
Depth (cm)

Grease Area 
Covered (sq-cm)

Vol. of grease 
(cc)

Texture Depth 
(cm)

Grease Area 
Covered (sq-cm)

Right of Centerline Left of Centerline
Hydroplaning 

Potenial
Hydroplaning 

Potential
FT From 
Primary

<0.016" Strong (1)
0.017" - 0.035" Further Testing Required (2)

>0.036" Low (3)

Average Texture Depth 
(ATD)

Hydroplaning               
Potential
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Figure 22. Post-Cleaning Visual – JBS Citrus (18–36) 

 
 

 
Figure 23. Post-Cleaning Visual – JBS Citrus (36–18) 
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1x Mechanical 
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2x Mechanical 
Effort Side 

1x Mechanical 
Effort Side 

2 Hr Zone 
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Figure 24. Post-Cleaning Visual – DC 101 (18-36) 

 

 
Figure 25. Post-Cleaning Visual – DC 101 (36-18) 
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Figure 26. Post-Cleaning Visual – Avion 50 (18-36) 

 
 

 
Figure 27. Post-Cleaning Visual – Avion 50 (36-18) 
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Figure 28. Post-Cleaning Visual – Hurrisafe (18-36) 

 

 
Figure 29. Post-Cleaning Visual – Hurrisafe (36-18) 

 
 
9.4. Friction Improvement Analysis 

Pre- and post-cleaning friction measurement data was compiled and analyzed to determine the 
overall effects of the removal effort. Table 17 summarizes both pre- and post-cleaning average 
Mu values and reports the frictional difference by percentage gained or lost after cleaning. The 
table is divided to compare values by independent detergent and agitation effort and duration. 
 
The data shown reflects that there was a generally slight decrease in available friction after 
cleaning.  
  

2x Mechanical 
Effort Side 

1x Mechanical 
Effort Side 

2 Hr Zone 

3 Hr Zone 
4 Hr Zone 

2x Mechanical 
Effort Side 

1x Mechanical 
Effort Side 

2 Hr Zone 3 Hr Zone 

4 Hr Zone 
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Table 17. Pre/Post-Cleaning Performance Comparison Chart 

 
 

2 Hr 0.10 0.01

3 Hr (0.06) (0.08)

4 Hr (0.01) (0.03)

2 Hr (0.10) (0.04)

3 Hr (0.04) (0.09)

4 Hr (0.11) (0.12)

2 Hr 0.05 (0.05)

3 Hr 0.05 (0.04)

4 Hr (0.05) (0.04)

2 Hr (0.01) 0.02

3 Hr (0.00) (0.04)

4 Hr 0.05 (0.04)

% Gain/LossΔµPost-Cleansing                
(Avg. Mu)

Pre-Cleansing              
(Ave. Mu)

% Gain/LossΔµPost-Cleansing                
(Avg. Mu)

Pre-Cleansing              
(Ave. Mu)

0.59

0.50

0.55

0.54

0.57

0.47

0.53

0.57

0.53

0.55

0.50

0.40

0.42

0.41

0.54

0.43

0.51

0.49

0.48

0.53

0.44
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0.36
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-9.1%

-19.0%

-22.2%

-9.2%

19.3%

-13.0%

-2.5%

-17.4%

-8.7%

-18.2%

8.4%

9.4%

2x Mechanical Agitation Zone

0.58

1x Mechanical Agitation Zone

0.44

0.48

0.50

0.48

0.38

0.52

0.45

0.34

4.7%

-7.3%

-11.4%

-8.3%

-2.5%

-0.3%

11.6%

0.53
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0.64

0.540.64

0.47

0.55

0.57

0.48

0.47
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10. CONCLUSIONS 

10.1. Detergent Type 

10.1.1. JBS Citrus 
The JBS Citrus detergent improved friction of the two hour agitation duration for both the 1x and 
2x mechanical agitation zones based on Table 17 using the GripTester. Out of six friction test 
averages for this detergent, only the two described above showed improvement of friction. The 
greatest increase in the friction coefficient is for the two hour agitation duration at the 2x 
mechanical agitation zone which is approximately a 19.3 percent increase. 
 
The NASA Grease Smear test results in Table 14 show the length of the test strip required to 
completely exhaust the grease and embed it into the macro/micro texture decreased for post-
analysis than compared to in pre-analysis. The test areas for the JBS Citrus detergent gained 
surface voids after the removal of the existing rubber, increasing the average texture depth at 
these test sections. 
 
This detergent is successful in removing rubber from runways, though after rinsing is completed, 
dark streaks were left on the pavement surface. 
 
10.1.2. DC 101 
The DC 101 detergent did not improve friction on the runway in any of the six friction test 
averages based on the GripTester data shown on Table 17. The average percent loss for 1x 
mechanical agitation zone is 16.8% and 14.8% for 2x mechanical agitation zone. 
 
The NASA Grease Smear test shows the average texture depth of the runway increased using the 
DC 101 detergent. It can be seen on Table 17 the length of the test strip required to completely 
exhaust the grease and embed it into the macro/micro texture decreased for post-analysis. 
 
10.1.3. Avion 50 
The Avion 50 detergent improved friction in two out of a possible six friction test averages based 
on Table 17. The two gains in friction were located in the 2x mechanical agitation zone for the 
two hour and three hour agitation durations. The percentage of gain ranged from 8.4% to 9.4%. 
 
The NASA Grease Smear test results in Table 14 show the average texture depth of all the test 
areas improved in post-analysis using the Avion 50 detergent. The length of the test strip 
required to completely exhaust the grease and embed it into the macro/micro texture decreased 
from pre-analysis to post-analysis. 
 
Though Avion 50 has a caustic nature, this detergent out-performed the other three detergents 
with regards to cleaning efficiency by volume and final visual appearance after rinsing the test 
area. 
 
10.1.4. Hurrisafe 
The Hurrisafe detergent improved friction in two out of a possible six friction test averages based 
on Table 17 using the GripTester. These increases were located in the 2x mechanical agitation 
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zone with a four hour agitation duration as well as in the 1x mechanical agitation zone for an 
agitation duration of two hours. The net gain in friction is 11.6% and 4.7%, respectively.  
 
The NASA Grease Smear test shows the friction of the runway increased using the Hurrisafe 
detergent. Table 14 shows the length of the test strip required to completely exhaust the grease 
and embed it into the macro/micro texture decreased for post-analysis. 
 
Hurrisafe possessed the best coverage area of all detergents evaluated at 450 sq ft per gallon. It 
required less rinse water per test area relative to the other detergents evaluated and resulted in a 
very clean airfield pavement visually. 
 
10.2. Agitation Duration 

The detergents for this testing were agitated at three different durations in two different 
mechanical agitation zones. Table 18 represents the post-cleaning average percentages of gains 
or losses of friction for each agitation zone at all three agitation durations. The two hour agitation 
duration overall had the best percentages of friction loss or gain. The only average percentage of 
friction gain occurred during this duration with the largest deficit of friction is during the three 
hour duration. The three and four hour agitation duration had similar results. 
 

Table 18. Post-Cleaning Average Friction Gain/Loss 

 
 
 
These results are atypical from what is expected from rubber removal procedures. The two hour 
duration for the 2x mechanical agitation zone shows a gain in friction whereas the three and four 
hours show a loss in friction. Theoretically, all three time durations should experience a gain in 
friction throughout the rubber removal process. The results for this procedure are inconclusive. 
 
10.3. Post-Cleaning Visuals 

The post-cleaning visual analysis represents an inconclusive test for all four detergents tested. 
The existing rubber on the runway before testing is minimal. The pre- and post-cleaning 
photographs can be seen in Sections 5 and 8, respectively. There is not a significant difference in 
appearance for the runway.  
 
10.4. Friction Improvement Analysis 

The Mu values for post-cleaning should theoretically be higher than the pre-cleaning values. This  

2 Hr

3 Hr

4 Hr

2.7

-11.2

-12.2

-1.7

-3.2

-1.4

2x Mechanical 
Agitation Zone

1x Mechanical 
Agitation Zone

Avg. % Gain / Loss of Friction
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would represent the friction has increased with the rubber removal process which is the goal in 
all removal processes. Table 19 represents the percentage of gains / losses of friction from pre-
cleaning to post-cleaning as well as the averages for each detergent and duration.  
 

Table 19. Percentage Gain/Loss of Mu Values from Pre- to Post-Cleaning 

 
 
 
The average percentages of gains / losses of friction are inconclusive. The data is nonuniform 
with large gains in some locations and durations and large losses in others. The overall data 
should consistently show gains in friction with the rubber removed but the majority of the 
averages show that friction is lost during the process of removal.  
 
The runway at Duke Field had very little rubber build-up prior to cleaning. The build-up would 
be categorized as very light to light over the entire test section. The impact of this light build-up 
would be minimal to none as it pertains to the friction loss or gain. So, the data collection does 
not demonstrate conclusive positive results post cleaning, this is to be expected. Based on data 
results the only conclusions that were made were visual. 
 
  

Avg. % 
Gain / Loss 
of Friction

Avg. % 
Gain / Loss 
of Friction

2 Hr 81.0 8.7 16.6 -14.1 20.2 14.5 21.1 12.2 31.6 -17.6 -11.8 -22.5 42.0 3.0 5.3

3 Hr 75.3 -23.9 -1.4 -39.6 -30.7 -34.3 -9.1 -27.0 -7.8 -43.9 61.4 -39.9 -22.1 -17.9 -13.9

4 Hr 3.9 -10.2 45.8 -30.5 -5.6 -16.0 -2.1 -15.5 14.7 -3.2 -9.0 -16.7 3.8 -6.1 -4.6

2 Hr -4.3 -39.2 26.2 -26.6 -17.1 -49.3 -18.4 2.6 -20.0 -9.3 2.2 -9.0 -22.2 -9.1 -9.2

3 Hr 5.1 -33.1 15.8 1.5 -19.4 -19.7 -8.3 3.2 -26.5 -10.7 -52.0 -7.2 -28.1 -19.0 -20.0

4 Hr 12.5 -38.4 4.7 -51.2 -17.4 -14.4 -17.4 5.6 -40.5 -30.9 -35.5 -27.1 -5.2 -22.2 -22.3

2 Hr 12.7 18.7 13.6 1.2 -11.1 15.9 8.5 9.7 -11.5 -12.1 -5.8 -18.3 -17.3 -9.2 -9.2

3 Hr 7.9 26.9 39.4 -3.5 -11.9 4.3 10.5 -2.2 -8.2 -23.0 39.4 -38.8 -13.3 -8.7 -7.8

4 Hr 5.0 2.0 -20.3 -16.0 -9.3 -9.2 -8.0 -29.0 29.4 -38.5 16.6 -31.2 12.0 -8.4 -7.0

2 Hr 6.9 6.6 14.2 -16.9 20.6 -33.2 -0.3 -21.2 6.0 39.7 -3.8 18.1 2.2 4.7 6.5

3 Hr 9.9 5.4 16.9 -3.7 4.2 -25.1 1.3 -17.9 -5.6 -16.1 15.9 -22.2 3.9 -7.3 -7.0

4 Hr -4.2 2.4 54.1 47.1 -7.9 -3.8 14.6 -6.2 -32.5 0.3 -17.1 -10.9 2.2 -11.4 -10.8
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Appendix A:  Material Safety Data Sheets (MSDS) 
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Appendix B:  Detergent Application and Layout Sheets: Field Notes 
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Appendix C:  Airfield Surface Slope Measurements: Field Notes 
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Appendix D:  NASA Grease Smear Test Results: Field Notes 
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LIST OF SYMBOLS, ABBREVIATIONS, AND ACRONYMS 

°F degrees Fahrenheit 
AFCESA Air Force Civil Engineering Support Agency 
AFRL Air Force Research Laboratory (Tyndall AFB) 
ASTM American Society for Testing and Materials  
CFME continuous friction measuring equipment 
cm centimeter(s) 
cm3 cubic centimeters 

FOD foreign object debris 
ft foot; feet 
gal gallon(s) 
gal/min  gallons per minute 
hrs hours 
in inch(es) 
kg kilogram(s) 
lb pound(s) 
µ Mu 
mm millimeter 
mph miles per hour 
MSDS Material Safety Data Sheet  
NASA National Aeronautics and Space Administration 
psi pound per square inch 
sec second (time) 
sq cm  square centimeter(s) 
sq ft  square feet 
sq ft/gal square feet per gallon 
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